Abstract
Introduction
FSLEs (Artale et al., 1997; Aurell et al., 1997; Boffetta et al., 2001 ) provides a measure of dispersion, and thus of stirring and mixing, as a function of the spatial resolution, serving to isolate the different regimes corresponding to different length scales of the oceanic flows, as well as identifying the Lagrangian Coherent Structures (LCSs) present in the data. FSLE are computed from τ , the time required for two particles of fluid (one of them placed at x) to separate from an initial (at time t) distance of δ 0 to a final distance of δ f , as λ(x, t, δ 0 , δ f ) = 1 τ log δ f δ 0 .
It is natural to choose the initial points x on the nodes of a grid with lattice spacing velocity field (Hernández-Carrasco et al., 2011a) . This opens many possibilities that will 119 not be explored in this work, since we focus here in the primary production, and, in 120 some instances, the influence of the data resolution, not on the resolution of the FSLEs 121 computation.
122
The field of FSLEs thus depends on the choice of two length scales: the initial, δ 0 123 and the final δ f separations. As in previous works (d 'Ovidio et al., 2004 'Ovidio et al., , 2009 Rossi 124 et al., 2008; Hernández-Carrasco et al., 2011a) we will focus on transport processes at 125 mesoscale, so that δ f is taken as about 110 km, which is the order of the size of mesoscale 126 eddies at mid latitudes. To compute λ we need to know the trajectories of the particles 127 which gives Lagrangian character to this quantity. The equations of motion that describe 128 the horizontal evolution of particle trajectories in longitudinal and latitudinal spherical 129
coordinates, x = (φ, λ), are:
where u and v represent the eastwards and northwards components of the surface velocity 131 field, and R is the radius of the Earth (6400 km).
132
The ridges of the FSLE field can be used to define the Lagrangian Coherent Struc- shape. We will compute FSLEs integrating backwards-in-time the particle trajectories,
139
since attracting LCSs associated to this (the unstable manifolds) have a direct physical in-
140
terpretation (Joseph and Legras, 2002; d'Ovidio et al., 2004 d'Ovidio et al., , 2009 Lehan et al., 2007; Calil and Richards, 2010) . 
The Biological model

144
The plankton model is similar to the one used in previous studies by Oschlies and
145
Garçon (1998, 1999) and Sandulescu et al. (2007 Sandulescu et al. ( , 2008 . It describes the interaction of 146 a three-level trophic chain in the mixed layer of the ocean, including, phytoplankton P ,
147
zoo-plankton Z and dissolved inorganic nutrient N , whose concentrations evolve in time
148
according to the following equations:
where the dynamics of the nutrients, Eq. (4) consuming phytoplankton minus its quadratic mortality.
157
A crucial part of this model comes in the vertical mixing, Φ N , since it mimics the upwelling. Assuming constant nutrient concentration N 0 below the mixed layer, this term reads:
where the temporally and spatially dependent (on the two dimension location Luderitz, Walvis Bay, Namibia and Cunene, respectively. Luderitz being the strongest.
170
The dynamical system given by Eqs. (4, 5, 6) , for values of S in the range shown on parameters are set following a study by Pasquero et al. (2004) and are listed in Table 1 .
175
parameter value β 0.66 day 
176
The evolution of the concentrations within a flow is determined by the coupling be-
177
tween the hydrodynamical and biological models, and it is performed by the advection- reaction-diffusion system. Thus, the complete model is given by the following system of 179 partial differential equations:
The biological model is the one described before by the functions F N , F P and F Z .
181
Horizontal advection is the 2D velocity v, which is obtained from satellite data or from 182 the ROMS model. We add also an eddy diffusion term, via the ∇ 2 operator, acting on 183 N , P , and Z to incorporate the small-scale turbulence, which is not explicitly taken into 184 account by the velocity fields used.
185
The eddy diffusion coefficient, D, is given by Okubo's formula (Okubo, 1971) • . In the case of the ROMS data sets, the 225 mixing activity is more homogeneously distributed, although the north-south gradient 226 is still present. We associate this difference with the injection of strong and numerous
227
Agulhas rings into the south of the area from the Agulhas retroflection.
228
The latitudinal behavior of mixing along the coastal upwelling can be seen in Fig. 3 .
229
This was performed by computing the longitudinal averages of the plots in Fig. 2 and variable shelf circulation.
251
The mixing behavior can be also assessed by looking at a proxy of the intensity of 252 mesoscale activity, the Eddy Kinetic Energy (EKE), as done in Gruber et al. (2011) . Fig. 4 253 shows that there are regions, as in the FSLE case, with distinct dynamical characteristics.
254
Larger values appear in the south and smaller in the north. This distribution is in good 255 agreement with the one deducted from the FSLEs (Fig. 2) of the relationship between EKE and FSLE by Hernández-Carrasco et al. (2011b) .
262
In the following sections, we study the effect of this variable surface mixing activity 263 on the plankton dynamics. LCSs.
287
In order to reveal regions of more intense biological activity, we have computed the 288 temporal average of simulated P . The results, plotted in Fig.7 a) satellite-derived chlorophyll data (Fig.7 d) are not taken into account in this simple setting that might explain this offset. Another 299 possible explanation is the low reliability of the ocean color in very coastal waters optically 300 complex.
301
We now examine the latitudinal distribution of P . The top row in Fig.8 this study, whereas they seem to impact widely plankton dynamics in the north.
328
To address the question of the negative effect of horizontal stirring on phytoplankton values of P in Fig. 8 decrease when averaging over a wider area.
346
The same inverse relationship is observed in Fig.10 using chlorophyll data from Sea-
347
WIFS. This analysis confirms the result obtained from satellite velocity fields by Rossi Then, let us present a brief description of the seasonal behavior of the system. In Average over 6 degrees offshore 
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